In this study the structure of the RLP from C. tepidum was determined using X-ray crystallography and the uncharacterized proteins. Several genome-contextbased methods have been developed to infer protein active site was analyzed and compared to other forms imposed, the root mean square deviation (rmsd) of Cα is quite close, so that R327 can possibly make hydrogen bonds with atoms O3P and O7 of CABP. Residue G381 in 8RUC is changed to S359 in the RLP, but Results S359 is capable of forming a hydrogen bond with atom O3P of CABP. Residue Q49 of the RLP is structurally Overall Structure of the RLP from C. tepidum The monomer structure of the RLP from C. tepidum is equivalent to T65 of 8RUC and, in principle, is capable of donating a hydrogen bond to the P1 phosphate, alsimilar to those of other RuBisCOs and may be divided into two domains ( Figures 1A and 1C) . The smaller though it is disordered in the RLP structure. The largest change in the active site is at the P2 N-terminal domain (residues 1-145) consists of a fourstranded β sheet with helices on one side of the sheet. phosphate binding site. When the active sites of spinach RuBisCO (8RUC, form I) and C. tepidum RLP are The larger C-terminal domain (residues 146-435) consists of an eight-stranded α/β barrel with two additional superimposed, the P2 phosphate group of CABP does not fit into the active site of the RLP. In 8RUC, residue small α helices forming a cap at the C terminus. The monomer of the RLP is composed of 435 residues, and R295 donates two hydrogen bonds to the P2 phosphate group of CABP (Andersson, 1996), but in the RLP, the model contains most of the residues except N-terminal residues 1-3, C-terminal residues 429-435 and the arginine is nonconservatively substituted by a phenylalanine (F288). Thus, residue F288's side chain two disordered regions on the surface (residues 47-58 for chains A and B and residues 173-174 for chain B would block the P2 phosphate group of RuBP from binding to the RLP (Figure 3) . Similarly, in 8RUC, resionly) (Table 1) . A RuBisCO active site residue, Q49, is within one of the disordered regions. due H327 donates a hydrogen bond to this same P2 phosphate group, but in the RLP the histidine is reThe RLP from C. tepidum forms homodimers ( Figure  1B suggesting that it may be important for the catalytic activity of RLPs. In R. rubrum RuBisCO, it was ob-K334 is a conserved catalytic residue in bona fide RuBisCOs. It also forms hydrogen bonds with the P1 served that mutating K334 to arginine led to complete loss of catalytic activity (Soper et al., 1988) . By analogy, phosphate group and E60 in the N-terminal domain of the other subunit of the dimer. The available structure it is not surprising that the RLP from C. tepidum (Hanson 
Protein Functional Linkages of RLPs
Only parts of the structures are shown for the purpose of clarity.
The RLP from C. tepidum, the structure of which is studied here, is the only RuBisCO protein encoded in its genome. The rlp gene resides in a cluster of seven Electrostatic Surface Potential The electrostatic surface potential of the RLP is distinct genes on the chromosome, including two oxidoreductases, one bacteriochlorophyll (Bchl) c3 ( (Figure 6) . The RLP2 is closely linked to both forms I and RLP catalyzes reactions other than carboxylation, possibly enolization. The substrate for the RLP might re-II RuBisCO with confidence level above 0.6, which is comparable to the linkage between form I and form II semble RuBP in that it could have a P1 phosphate group and a small carbohydrate backbone, but in place RuBisCOs. This suggests that the RLP2 of R. palustris may be involved in a process related to carbon fixation of the P2 phosphate, this substrate should have a small hydrophobic group. When we modeled the structure of and, possibly, photosynthesis. The RLP2 is the ortholog of the RLP from C. tepidum with sequence identity of B. subtilis RLP, which catalyzes enolization, we observed that the residues coordinating the P1 phosphate 66%. Similar to the RLP from C. tepidum, the RLP2 is linked to many enzymes in the bacteriochlorophyll biogroup and the metal ion, which are important for enolization, are relatively conserved between C. tepidum synthesis pathway by the Phylogenetic Profile method. Tabita, 1968) , all the residues are in the most favorable and additional al-2001) and was overexpressed in E. coli strain BL-21. Cells were lowed regions, except for residues S46, A204, and F290 from both grown at 37°C to an OD 600 of 0.6. IPTG (0.1 mM) was added to chains, which are in the generously allowed and disallowed reinduce expression overnight at 25°C. All purification steps were gions. These residues are in well-defined electron density. They are conducted either at 4°C or on ice. Cells were resuspended in 20 ml all in the vicinity of the active site, near the α/β barrel C-terminal TEMMB (20 mM Tris·Cl, pH 8.0, 1.0 mM EDTA, 10 mM MgSO 4 , 10 end. These residues are not directly involved in ligand binding and mM BME, and 50 mM NaHCO 3 ) containing 0.1 M NaCl. The cell probably play a role in maintaining the architecture of the active lysate was clarified by low-speed centrifugation (10,000 × g, 10 site. Residue S46 is conserved in all RuBisCOs. The side chain of min) and then incubated at 50°C for 15 min. The resulting heat-S46 forms a hydrogen bond with the carbonyl oxygen of C42, and stable extract was clarified by ultracentrifugation (100,000 × g, 1 it has similar Phi/Psi angles as the equivalent residue S50 from the hr) followed by filtration. This was loaded onto a Q-Sepharose HP R. rubrum RuBisCO structure (5RUB). column and eluted using a linear gradient from 100 to 300 mM NaCl in TEMMB. The RLP-containing fractions were eluted between 150 and 180 mM NaCl. 
